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Introdnction 
The primary object of our work was the determination of the degree 
of copper and gold impurities in germanium of semiconductor purity hy neu-
tron activation analysis. The exceedingly high scattering (1-2 orders of magni-
tude) of the results of parallel measurements prompted us to elucidate the 
factors causing this scattering, with the aim of reducing their effect, so that the 
scattering (standard deviation) of results, obtained for simultaneously acti-
vated identical samples within the concentration range hetween lO-7 to 10-9 g 
of Cujg of Ge and 10-9 to 10-11 g of Aujg of Ge, 
(sd) = l 27 Ll7 
z-l 
(where z is the number of measurements, Ll i is the deviation of the individ-
ualmeasuring results from the average value: Xi X) shall not exceed 
a maximum of + 20 per cent. 
Factors influencing reproducihility in the determination 
of the copper content of germanium 
Copper in germanium, activated in a reactor of a neutron flux of 1013 
njcm2 • s (time of activation 64 h), was determined with the following meth-
ods [1]. 
1. Distillation-precipitation method: activated germanium and a weighed 
amount (20-40 mg) of copper carrier were dissolved in nitrohydrochloric 
acid, germanium tetrachloride was distilled (twice, in the presence of inactive 
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germanium tetrachloride hold back carrier, in a modified Othmer apparatus), 
and copper wai3 precipitated in the form of copper(I) thiocyanate or copper(I) 
iodide [1]. 
From the point of view of selectivity -- radiochemical purity - cuprous 
iodide was found to be superior, ho\\-ever, according to our experiences, the 
reproducihility of hoth precipitation methods is satisfactory, that i8 to say, 
on performing with standard active substances the determination of copper, 
the scattering is le85 than ' 20 131'1' cent. Precipitation with thiocyanate or 
iodidp after distillation has the advantage that gold, 110t e11l'iched by the car-
rier, precipitates together with copper, also quantitatively. Cu-64 and Au-198 
can be determined i3ide by side, without further separation, by gamma sppctros-
COU'L 
, -
The scattering of the results of precipitatiye copper determination, 
carried out on a mixture of a \\-eighed quantity of actiYe copper and active 
germanium (10-' g Cu!g Ge), was less than ~ 20 per cent, with a deviation 
of 20-35 per cent from the weighed in quantity of coppcr, meai3ured in 
the area of the 0.51 MeV photopeak with a single channel analysator according 
to the simplified method of COVELL. 
2. Distillation-ion exchange-precipitation method: hefore the precip-
itation with cuprous iodide, the i3olution of the dii3tillation residue in 0.2 n 
hydrochloric acid was pasi3ed through a cation exchange column, washing 
the column for the purification of copper, first with 0.4 n hydrochloric acid, 
then with hydrochloric acid diluted to 1:1. 
Also here, tll(' i3cattering of re;mlts of experiments with model systems 
was less than 20 per cent, and moreover, the method is of considerahly higher 
accuracy than thc simplc distillation-precipitation method (yielding a value 
hy 10 per cent higher than the true copper content, while the i3implc Cu(I) 
SCN precipitation method resulted a copper content higher by 25 to 30 per 
cent, and the simple Cu(I) precipitation method a yalue higher hy 20 per cent). 
3. Extractiye-suhstoichiometric method [2]: thc reproducihility and the 
accuracy of this method, developed hy R LZI(~KA et aI., are the same as those 
of t lw distillation-ion exchange-precipitation method, descrihed in paragraph 2. 
The inyestigations of the eonditions of Cu-M detection showed sub-
stantial sources of error in the measuremenls undertaken with the scintillation 
single-channcl amplitude analY8er, tuned into the 0.51 MeV annihilation 
gamma energy of Cu-64. Thus, for example, mea;:;ured intensity is increased 
hy the presence of actiYe germanium. To eliminate this error, the I'-{' coinci-
dence method with two deteetors ,\'as used. This increased accuracy, however, 
at the cost of reproducihility (scattering is greater). 
These inyestigations showed that: 
l. our set task (a scattering of ahout . 20 per cent and an accuracy 
within 10 per cent) can he realized; 
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2. the scattering by ordcr of magnitude cannot bp ascribed to random 
error,. of the methods of determination, 
3. hut to the inadequate treatment of the germanium samples hefore 
activation, probably from surface contamination. 
The importance of the treatment before and after activation and of 
surface effects was indicated, among others, by the results of experiments. 
involving essentially the studying of identical quantities of the same germa-
nium, prepared in form of test samples of various geometrical form (prism, 
shcct) and of various spccific surface areas. 
At the same time, it becamc evident from data in literature and results 
of our own investigations that germanium cements among others copper, 
gold and sih-er fro111 variolE: solutions with high efficiency and within a rela-
tively short time. Therefore, it was reasonable to assume that during the treat-
ment preceding activation germaniulll binds from various solutions relatively 
important amounts of copper, gold and silver, and in the further procedure, 
this quantity is determined together with the impurities originally present. 
Presumahly, the changing copper, gold and silver content of various chemicals 
used in the pretreatnH'nt, as well as the variation in the duration of pretreat-
ment processes substantially influence the magnitude of ~urface concentration. 
To verify this assumption, the following experimpnts in activation analysis 
were undertaken with germanium: 
I. analy,.is without any pretreatment: 
2. etching after activation with a mixture of nitric and hydrochloric 
acids (up to a loss in weight of 5. 10, 20 and 4·0 per cent, re~peetively, of the 
sample) ; 
3. etching after activation with alkali (up to a 1,):-5 in weight of 10 and 
20 per eent, respectively, of the sample): 
,1. etching before activation with a mixture of nitric and hydrochloric 
aeids (up to a loss in \n~ight of 20 per eent of thp sample) and subsequent 
\I-ashing with water purified hy yarious methods: 
5. etching before actiYation with alkali, and subsequent washing \I-ith 
water purified by various met hods: 
6. treatment heforp and after actiYation with a mixture of nitric and 
hydroehlorie acids. and washing \I-ith water purifif'd by various mf'thods. 
~Ieasuring results are sUlllmarized in Table 1. These data clearly sho'w 
that measuring results of reh,tiYely good reproducibility and accUTacy are to 
be expected only in case of a pretreatment and after-treatment \I-ith a mixture 
of nitric and hydrochloric acids and with water "de-copperpd with germanium'~. 
500 ml portions of alkali, distilled \I-ater, 0.1 n and concentrated hydro-
chloric acids~ and mixture of hydrochloric and nitric acid, respectively, each 
containing actiYe copper impurity, \\-ere shaken for I hour with I g of puh-erized 
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Table I 
The copper content of germanium pretreated bv various methods 
(determined as Cu-I-SCN) 
Pretreatment 
\vithout pretreatment 
Etching after activation with nitrohydrochloric 
acid ~(m = 5%) 
Etching after aeth'ation with nitrohydrochloric 
acid ~(m = 20%) 
Prism 
90 
130 
73 
"~--~--.-
68 
·t5 
80 
Sheet 
eu 10-& gig Gc 
200 
78 
180 
180 
115 
340 
Flitter 
1020 
980 
1900 
------
Etching after activation with alkali (m = 20S o) 
Etching before activatiou with nitrohydrochloric 
acid. and washing with: 
ion ex~hanged wat;r 
water treated with germanium 
Etching ,vith alkali and washing with water 
treated ,vith germanium. before activation 
Treatment before and after activation ,\ith 
nitrohydrochloric acid and water purified with 
gerlnaniuTIl 
148 
73 
90 
109 
45 
38 
70 
145 
190 
92 
24. 
28 
22 
90 700 
130 
120 
61 380 
70 
61 
350 1450 
220 
400 
11 364 
8 
1 
germanium. The concentration of the copper was 10-6 gig. From the alkali, 
the distilled water and the dilute hydrochloric acid, copper was cemented out 
almost quantitatively by the germanium, while the copper content of the 
concentrated acids remained practically unchanged. 
Investigation of silicon of semi-condnctor purity 
The investigation of the copper, gold and silver content of silicon of semi-
conductor purity yielded similar results [3]. With silicon, the etching agent 
'was a HF-HN03-mixture. Results are show'll in Table n. 
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Table IT 
Au, Cu and Ag contents of differently pretreated silicon of 5Q cm resistivity 
Pretreament 
before activation 
Alter 
activation 
mAu (gIg Si) 
mcu (gIg Si) 
WAg (gig Si) 
Original 
Po1i5hinO'~etchinu 
ID : I = lbw, : IIF 
Summary 
Poli::;hing-etching 
HF 
Etching 
3.5 . 10-10 
7.2 . 10-~ 
Factors influencing the reproducibility and the accuracy of the determination of the 
copper, gold and silver content of high purity germanium and silicon by activation analysii' 
Kere studied. 
Experimental results showed the contamination of the surface. and consequently the 
specific surface area and the mode of treatment before activation to he one of the most impor-
tant factors. 
When purification before activation is undertaken with concentrated acids and de-
copperized water: copper, gold and silver, cemented out on the surface, can be removed to 
such an extent that surface impurities do not practically influence measuring results, 
except in the case of samples of relatively great specific surface area. 
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